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[57] ABSTRACT 

A DNA sequencing system and method are described 
to detect the presence of radiant energy emitted from 
different excited reporter dye-labeled species (DNA 
fragments) following separation in time and/or space, 
and the identity of the species which emit radiant en 
ergy closely spaced in wavelength. Functions of the 
emitted energy are obtained which vary over the wave 
lengths of the closely spaced spectra in different senses 
and the functions ratioed, whereby the ratio is indica 
tive of the identity of the DNA fragments. 
The emitting portion of the reporter-labeled DNA frag 
ment is preferably one of a family of fluorescent dyes 
based on 9-carboxyethyl-6-hydroxy-3-oxo-3H-xan 
thene. These xanthene dyes are covalently attached to 
the DNA fragments through the carboxylic acid func 
tionality, preferably via an amide linkage. The dyes may 
be protected by including an alkoxy group at the 9-posi 
tion. A spacer may be inserted between the dye and the 
amine. The ?uorescent dye preferably is attached to the 
DNA chain terminators and provides many advantages. 
Thus only DNA sequencing fragments resulting from 
bona fide termination events will carry a reporter. The 
DNA sequencing may also be labeled using the xan 
thene dyes which have general utility as ?uorescent 
labels. Also acyclonucleoside triphosphates are de 
scribed as being useful as chain terminators in DNA 
sequencing using a modi?cation of the Sanger method. 

17 Claims, 8 Drawing Sheets 
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METHOD SYSTEMS AND REAGENTS FOR DNA 
SEQUENCING 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This is a continuation of application Ser. No. 
_ 07/057,566 ?led Jun. 12, 1987, now abandoned, which is 
a continuation-in-part of application Ser. No. 881,372, 
?led Jul. 2, 1986, now abandoned, and related to Scan 
ning Fluorescent Detection System, issued as US. Pat. 
No. 4,833,332 and an application entitled Alkynyl 
Amino Nucleosides, ?led Jun. 12, 1987, Ser. No. 
07/057,565. 

FIELD OF THE INVENTION 

This'invention relates to DNA sequencing using re 
porter-labeled DNA and, more particularly, to a 
?uorescence-based system for detecting the presence of 
radiant energy from different species following separa 
tion in time and/or space, and ?uorescent dyes for use 
therewith. The dyes are a family of closely-related yet 
distinguishable ?uorescent dyes. Methods for protect 
ing, activating, and ‘coupling these dyes are disclosed. A 
set of ?uorescence-labeled DNA chain-terminators, 
prepared using this methodology, are employed for the 
generation of ?uorescence-labeled DNA sequencing 
fragments. A photometric detection system capable of 
detecting these fragments during electrophoretic sepa 
ration and identifying the attached ?uorescent reporter 
is described. 

BACKGROUND OF THE INVENTION 

DNA sequencing is one of the cornerstone analytical 
techniques of modern molecular biology. The develop 
ment of reliable methods for sequencing has led to great 
advances in the understanding of the organization of 
genetic information and has made possible the manipu 
lation of genetic material (i.e. genetic engineering). 
There are currently two general methods for se 

quencing DNA: the Maxam-Gilbert chemical degrada 
tion method [A. M. Maxam et al., Meth, in Enzym. 65 
499-559 (1980)] and the Sanger dideoxy chain termina 
tion method [F. Sanger, et al., Proc. Nat. Acad. Sci. USA 
74 5463-5467 (1977)]. A common feature of these two 
techniques is the generation of a ‘set of DNA fragments 
which are analyzed by electrophoresis. The techniques 
differ in the methods used to prepare these fragments. 
With the Maxam-Gilbert technique, DNA fragments 

are prepared through base-speci?c, chemical cleavage 
of the piece of DNA to be sequenced. The piece of 
DNA to be sequenced is ?rst 5'-end-labeled with 32F 
and then divided into four portions. Each portion is 
subjected to a different set of chemical treatments de 
signed to cleave DNA at positions adjacent to a given 
base (or bases). The result is that all labeled fragments 
will have the same 5'-terminus as the original piece of 
DNA and will have 3'-termini de?ned by the positions 
of cleavage. This treatment is done under conditions 
which generate DNA fragments which are of conve 
nient lengths for separation by gel electrophoresis. 
With Sanger’s technique, DNA fragments are pro 

duced through partial enzymatic copying (i.e. synthesis) 
of the piece of DNA to_ be sequenced. In the most com 
mon version, the piece of DNA to be sequenced is in 
serted, using standard techniques, into a large, circular, 
single-stranded piece of DNA such as the bacterio 
phage M13. This becomes the template for the copying 
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2 
process. A short piece of DNA with its sequence com 
plementary to a region of the template just upstream 
from the insert is annealed to the template to serve as a 
primer for the synthesis. In the presence of the four 
natural deoxyribonucleoside triphosphates (dNTP’s), a 
DNA polymerase will extend the primer from the 3’ 
end to produce a complementary copy of the template 
in the region of the insert. To produce a complete set of 
sequencing fragments, four reactions are run in parallel, 
each containing the four dNTP’s along with a single 
dideoxyribonucleoside triphosphate (ddNTP) termina 
tor, one for each base (HP-Labeled dNTP is added to 
afford labeled fragments.) If a dNTP is incorporated by 
the polymerase, chain extension can continue. If the 
corresponding ddNTP is selected, the chain is termi 
vnated. The ratio of ddNTP to dNTP’s is adjusted to 
generate DNA fragments of appropriate lengths. Each 
of the four reaction mixtures will, thus, contain a distri 
bution of fragments with the same dideoxynucleoside 
residue at the 3’-terminus and a primer-de?ned 5’-ter 
minus. 

In both methods, base sequence information which 
generally cannot be directly determined by physical 
methods has been converted into chain-length informa 
tion which can be determined. This determination can 
be accomplished through electrophoretic separation. 
Under denaturing conditions (high temperature, urea 
present, etc.) short DNA fragments migrate as stiff 
rods. If a gel matrix is employed for the electrophoresis, 
the DNA fragments will be sorted by size. The single 
base resolution required for sequencing can usually be 
obtained for DNA fragments containing up to several 
hundred bases. 
To determine a full sequence, the four sets of frag 

ments produced by either Mariam-Gilbert or Sanger 
methodology are subjected to electrophoresis in four 
parallel lanes. This results in the fragments being spa 
tially resolved along the length of the gel. The pattern 
of labeled fragments is typically transferred to ?lm by 
autoradiography (i.e. an exposure is produced by sand 
wiching the gel and the ?lm for a period of time). The 
developed ?lm shows a continuum of hands distributed 
between the four lanes often referred to as a sequencing 
ladder. The ladder is read by visually scanning the ?lm 
(starting with the short, faster moving fragments) and 
determining the lane in which the next band occurs for 
each step on the ladder. Since each lane is associated 
with a given base (or combination of bases in the Max 
am-Gilbert case), the linear progression of lane assign 
ments translates directly into base sequence. 
The Sanger and Mariam-Gilbert methods for DNA 

sequencing are conceptually elegant and efficacious but 
they are operationally dif?cult and time-consuming. 
Analysis of these techniques shows that many of the 
problems stem from the use of a single radioisotopic 
reporter. 
The use of short-lived radioisotopes such as 32P at 

high speci?c activity is problematic from both a logisti 
cal and a health-and-safety point of view. The short 
half-life of 32P requires that reagent requirements must 
be anticipated several days in advance and that the 
reagent be used promptly. Once labeled DNA sequenc 
ing fragments are generated they are prone to self 
destruction and must be immediately subjected to elec 
trophoretic analysis. The large electrophoresis gels 
required to achieve single base separation lead to large 
volumes of contaminated buffer which must be disposed 
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of properly. The autoradiography required to subse 
quently visualize the labeled DNA fragments in the gel 
is a slow process (overnight exposures are common) and 
adds considerable time to the overall operation. Finally, 
there are the possible health risks associated with use of 
such potent radioisotopes. ' 
The use of only a single reporter to analyze the posi 

tion of four bases lends considerable operational com 
plexity to the overall process. The chemical/enzymatic 
steps must be run in separate containers and electropho 
retic analysis must be carried out in four parallel lanes. 
Thermally induced distortions in mobility result in 
skewed images of labeled DNA fragments (e.g. the 
smile effect) which in turn, lead to dif?culties in com 
paring the four lanes. These distortions often limit the 
number of bases that can be read on a single gel. 
The long times required for autoradiographic imag 

ing along with the necessity of using four parallel lanes 
force one into a "snapshot” mode of visualization. Since 
one needs simultaneous spatial resolution of a large 
number of bands one is forced to use large gels that are 
typically 40 cm or more in length. This results in addi 
tional problems: large gels are difficult to handle and are 
slow to run adding more time to the overall process. 

Finally, there is a problem of manual interpretation. 
Conversion of a sequencing ladder into a base sequence 
is a time-intensive, error prone process requiring the full 
attention of a highly skilled scientist. Numerous at 
tempts have been made to automate the reading and 
some mechanical aids do exist but the process of inter 
preting a sequence gel is still painstaking and slow. 
To address these problems one can consider replac 

ing 32P/autoradiography with some alternative, non 
radioisotopic reporter/detection system. Such a detec 
tion system would have to be exceptionally sensitiv to 
achieve a sensitivity comparable to 32?; each band on a 
sequencing gel contains on the order of 10-16 mole of 
DNA. One method of detection which is capable of 
reaching this level of sensitivity is fluorescence. DNA 
fragments could be labeled with one or more ?uores 
cent dyes. Excitation with an appropriate light source 
would result in a characteristic emission from the dye 
thus identifying the band. 
The use of a ?uorescent dye as opposed to a radioiso 

topic label would allow one to more easily tailor the 
detection system for this particular application. For 
example, the use of four different ?uorescent dyes dis 
tinguishable on the basis of some emission characteristic 
(e.g. spectrum, life-time polarization) would allow one 
to uniquely link a given tag with the sequencing frag 
ments associated with a given base. With this linkage 
established, the fragments could be combined and re 
solved in a single lane and the base assignment could be 
made direectly on the basis of the chosen emission char 
acteristic. 
The "real-time" nature of ?uorescence detection 

would allow one either to rapidly scan a gel containing 
spatially resolved bands (resolution in space) or sit at a 
single point on the gel and detect bands as they sequen 
tially pass through the detection zone (resolution in 
time). Large gels would not necessarily be required. 
Furthermore, a “real-time”, single lane detection mode 
would be very to fully automated base assignment and 
data transfer. 

Several attempts to develop a ?uorescence-based 
DNA sequencing system have been described. One 
system developed by a group at the California Institute 
of Technology, has been disclosed in L. M. Smith, West 
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4 
German Pat. Appl. #DE 3446635 Al (1984); L. E. 
Hood et al., West German Pat. Appl. #DE 3501306 A1 
(1985); and L. M. Smith et al., Nucleic Acids Research, 
13 2399-2412 (1985). This system conceptually ad 
dresses the problems described in the previous section 
but the speci?cs of the implementation appear to render 
this approach only partially successful. 
The Cal Tech system employs four sets of DNA 

sequencing fragments, each labeled with one of four 
?uorescent dyes. Two representative sets of ?uorescent 
dyes are described. Each set is comprised of dyes from 
at least two different structural classes. 
The emission maxima are spread over a large range 

(approximately 100 nm) to facilitate discrimination be 
tween the four, but unfortunately the absorption (exci 
tation) maxima are also comparably spread. This makes 
it very difficult to ef?ciently excite all four dyes with a 
single monochromatic source and adequately detect the 
resulting emissions. 

In contrast, the use of dyes with closely spaced ab 
sorption (and corresponding emission) peaks to enhance 
the excitation ef?ciency causes other difficulties. A 
detection system for DNA sequencing must be able to 
distinguish between four different dye emission spectra 
in order to identify the individual labeled fragments. 
These emissions are typically of relatively low intensity. 
Therefore, the detection system must have a high de 
gree of sensitivity (better than 1046 moles DNA per 
band) and selectivity, along with a means to minimize 
stray light and background noise, in order to meet de 
sired performance characteristics. The system also must 

, be able to frequently monitor the detection area in order 
to avoid missing any fragments that migrate through the 
gel past the detection window. Such a detection system 
should be relatively cost ef?cient to allow for multiple 
detection devices within a single instrument without 
detrimentally affecting mill cost. 
Many detection devices are known which utilize 

?uorescence in a detection scheme. One such device is 
discussed in “Quantitative Fluorescence Analysis of 
Different Conformational Forms of DNA Bound to the 
Dye . . . and Separated by Electrophoresis” by Naimski 
et al., Anal. Biochem., 106.471-475, l980. In this elec 
trophoresis/detection system a glass tube is ?lled with 
agarose gel for separating the relatively large DNA 
fragments. A scanning monochromator is then used as 
the detection system for de?ning each of the large frag 
ments. It is known that scanning monochromators can 
accurately measure a wide range of spectral characteris 
tics; however, much light is lost due to the limited abil 
ity of the monochromator and its associated optics to 
collect and disperse emitted light. These detection tech 
niques limit the fraction of light that can be sensed and 
measured. Consequently, their sensitivity for low light 
applications is limited. Additionally, light collected 
sequentially is typically inefficient. 
The detection apparatus disclosed by Smith et al. (see 

above) uses a series of narrow band interference ?lters 
in order to select the wavelengths impinging upon a 
single or multiple photo-detectors. This type of system 
has the advantage of being rather simple and inexpen~ 
sive; however, it does have substantial de?ciencies. The 
specific system describes uses a ?lter photometer which 
can either use multiple interchangeable ?lters with one 
photo-detector or multiple stationary ?lters with corre 
sponding detectors. The ?rst of these devices, a rotary 
?lter with a single detector (see FIG. 3 of Smith et al.), 
has the disadvantage of limiting the time period during 
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which each of the ?ltered regions can be measured. The 
detector time must be shared with the different ?lters in 
order to distinguish among different emission spectra. 
The Smith et al. system has additional optical difficul 
ties which need not be dealt with here. 
More serious problems still result from using dyes 

which have different net charges. The conventional 
sequencing gel displayed in the Smith et al., Nucleic 
Acids Research paper illustrates T-lanes produced from 
primers labeled with each of four dyes. It is clear that 
there are signi?cant differential perturbations in the 
electrophoretic mobilities. A complete set of sequenc 
ing fragments bearing these four dyes will, when com 
bined, show considerable overlap and perhaps even 
misordering when subjected to electrophoresis in a 
single lane. This effect, combined with the aforemen 
tioned large dynamic range in signal intensity, makes it 
dif?cult to perform single-lane sequencing with this dye 
set. ' 

Finally, the methodology used to prepare the ?uores 
cence-labeled sequencing fragments creates dif?cult 
sequencing conditions. For Maxam-Gilbert sequencing, 
5'-labeled oligonucleotides are enzymatically ligated to 
“sticky ended", double-stranded fragments of DNA 
produced through restriction cleavage. This limits one 
to sequencing fragments produced in this fashion. For 
Sanger sequencing, 5’-labeled oligonucleotides are used 
as primers. Four special primers are required. To use a 
new vector system one has to go through the complex 
process of synthesizing and purifying four new dye 
labeled primers. 
A second approach to automation of non-radiolabel 

DNA sequencing was disclosed by Ansorge, W., et al., 
J. Biochem. Biophys. Methods, 13:315-323 (1986), in 
which a single ?uorescent label was covalently attached 
to the 5' end of a l7-base oligonucleotide primer. This 
primer was reacted in four vessels with the standard 
dideoxynucleotide sequencing chemistry method that 
was modi?ed to omit the radiolabeled nucleotide, to 
produce sets of enzymatically copied DNA fragments 
of varying length. Each of the four vessels contained a 
dideoxynucleotide chain terminator corresponding to 
one of the four DNA bases which allowed terminal base 
assignment from conventional electrophoretic separa 
tion in four gel lanes. Each fragment carried a 5’-tet 
ramethylrhodamine ?uorescent label which was excited 
by an argon ion laser passing through the width of the 
entire gel. Fluorescent emissions of DNA bands re 
solved over time were collected. from the four lanes 
with separate, stationary means for each lane compris 
ing imaging optics, ?eld apertures, light guides, ?lter 
assemblies, and photomultipliers in series. 
One advantage claimed by this approach is the need 
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for fewer moving parts in the apparatus due to station- ' 
ary detectors which allows continuous monitoring of 
the four gel lanes. This monitoring method, although 
more complex than that used with one lane, reportedly 
offers the advantage of determining the presence of a 
labeled band for base assignment relative to the absence 
of bands in the remaining three lanes to improve con? 
dence in the assignment. In fact, the use of a single label 
requires the use of four lanes for base assignment and 
the system as presented is incapable of further simpli? 
cation to improve the capacity or throughput of the 
instrument. The system is also limited in potential accu 
racy by the requirement for faithful lane-to-lane relative 
positioning for a single sequence analysis. Operational 
complexities such as thermal gradients and gel impuri 
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ties may defeat this positional integrity to produce local 
gel distortions which affect band mobilities, that may in 
turn, compromise base sequence assignments. 
The use of labeled primers by Ansorge et al. and 

Smith et al. is inferior in other respects as well. The 
polymerization reactions must still be carried out in 
separate vessels. All DNA fragments-be they bona 
?de termination fragments or extraneous fragment 
s—will be labeled. This is similar to the existing system 
where effectively all fragments containing incorporated 
adenosine nucleotides are labeled. Thus, the resulting 
sequencing pattern will retain most of the artifacts (e.g. 
false or shadow bands, pile-ups) encountered in the 
current methods. 

Finally, Brumbaugh, J. A. et al. in European Patent 
Application 851031559, published Oct. 9, 1985, dis 
closed a system and method for post-labeling strands of 
DNA which optionally contained pre-marked nucleo 
sides. The pre-marking could be accomplished by cova 
lent attachment of biotin to a desired chain terminating 
nucleotide before the nucleotide was used in a modi?ca 
tion of the Sanger DNA chain termination method. 
However, the pre-marked nucleotide was not detect 
able in the disclosed system. The pre-marked strands of 
DNA prepared in separate vessels corresponding to the 
A, T, C, and G DNA bases, were electrophoretically 
separated and then exposed to a complementary binding 
material, typically avidin, which had a ?uorophore 
such as fluorescein covalently attached to it. The 
?uorophore was detected and the signal presence was 
related to the particular vessel or gel/lane correspond 
ing to A, T, C, or G originally prepared. This post 
labeling method requires the preparation and subse 
quent electrophoretic separation of marked DNA 
strands in separate vessels and gels/lanes, respectively. 
There is no disclosure of any method or system capable 
of labeling DNA strands differentially in the same ves 
sel simultaneously during the reactions of a chain termi 
nation method, or differentiating labels during strand 
detection in a single gel/lane of a suitable detection 
system. 

SUMMARY OF THE INVENTION 

This invention seeks to overcome many of the disad 
vantages of the prior art. It includes a DNA sequencing 
system which has many of the desired performance 
characteristics without many of the de?ciencies previ 
ously discussed. This invention is a system for detecting 
the presence of radiant energy from different species, 
typically reporter-labeled DNA, following separation 
in time and/or space, and identifying the species. The 
system includes means responsive to the spectra of the 
species for generating a ?rst signal that varies in ampli 
tude in a ?rst sense as a function of the nature of the 
species, means responsive to the spectra for generating 
a second signal that varies in amplitude in a second 
sense different than the ?rst sense as a function of the 
nature of the species, and means responsive to the ?rst 
and second signals for obtaining a third signal corre 
sponding to the ratio of functions of the ?rst and second 
signals, the amplitude of the third signal being indica 
tive of the identity of the species. 
The means for generating the ?rst and second signals 

may include a dichroic ?lter, with a transmission/re 
flection characteristic that varies as a function of wave 
length, means to direct the emissions to the ?lter, ?rst 
and second detectors positioned respectively to receive 
the transmitted and re?ected emissions and generate 
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?rst and second signals corresponding to the intensities 
of each. Preferably the dichroic ?lter characteristic has 
a relatively sharp transition from transmission to re?ec 
tion which occurs near the center of the species emis 
sion spectra. With the transition point located near the 
center, the change in amplitude of the third signal is 
more evenly distributed over the range of spectra. 

Typically, the species to be analyzed are DNA frag 
ments or other molecules covalently labeled with ?uo 
rescent materials that have closely spaced spectra. 
These molecules are typically contained in an electro 
phoresis gel adapted to separate them by size, charge, or 
other physical properties. The system includes a laser or 
other radiant energy source with an output within the 
excitation region of the fluorescent material. 
The emitting portion of the labeled species to be 

detected, e.g., a DNA fragment, can have the structure 

R1 R1 
0 HO éO 

R2 / R1 

(CH2)n 
0.. 

I 

wherein n=2 or 3 and R1 and R2 include H, lower alkyl, 
halo, lower alkoxy and cyano. 
There is also described a method of detecting the 

presence of radiant energy emitted from different spe 
cies, following separation in time and/or space, and 
determining the identity of each such species that emit, 
comprising the steps of obtaining functions of the emit 
ted energy which vary over the wavelengths of the 
closely spaced spectra in different senses, ratioing such 
functions, the ratio being indicative of the identity of 
the species. The function of the emitted energy may be 
obtained by passing the radiant energy through a di 
chroic ?lter with a transmission/reflection characteris 
tic which varies as a function of wavelength. 
A process is described for DNA sequence analysis 

according to a modi?cation of the Sanger chain termi 
nation method where the chain terminator carries the 
reporter. Preferably, the chain terminator carries a col 
ored, more preferably fluorescent reporter. The chain 
terminator can be one of the following structures 

where 
(a) X is H, NHZ, or halo, and Y is H, NHZ, OH, or halo, 

or 

(b) X = Y = OH. 

or 
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where A can be a ?uorescent reporter having the struc 

ture 

R] R1 
0 HO ¢O 

R1 / R2 

(CHDII 

where n is 2 or 3, and R1 and R2 are H, lower alkyl, halo, 
lower alkoxy, and cyano, B is a heterocyclic base such 

as uracil, cytosine, 7-deazaadenine, 7-deazaguanine, or 
7-deazahypoxanthine where the pyrimidines are linked 
to the sugar part through the N1 position and the 
deazapurines are linked to the sugar part through the 
N9 position (purine numbering), and the dotted line is a 
linker and optional spacer (group of atoms) joining the 
?uorescent part (A), preferably via an amide bond, and 
the heterocyclic base (B) provided that if B is a pyrimi 
dine the linker is attached to the 5-position of that py 
rimidine and if B is a deazapurine the linker is attached 

to the 7-position (purine numbering), of that deazapu 
rine. 
According to another aspect of this invention, a pro 

cess of DNA sequence analysis according to the Sanger 
chain termination method as modi?ed by this invention, 
is provided where each of the four chain terminators 
corresponding to the four bases carries a different dis 
tinguishable reporter. The four chain termination reac 
tions may thus be carried out in separate vessels and 
combined prior to electrophoretic analysis or carried 
out in a single vessel. 

The combined DNA sequencing fragments thus pro 
duced can be subjected to simultaneous electrophoretic 
separation in a single lane. Excitation of the fragments 
bearing their respective reporters by a single source 
results in their characteristic emission thereby allowing 
detection and identi?cation. 
The set of four reporters are chosen such that all four 

are efficiently excited by a single source and have emis 
sion spectra that are similar but distinguishable. The 
differential perturbations in electrophoretic mobility of 
the attached DNA fragments are small. This require 
ment can generally be satisfied if the four reporters have 
similar molecular weights, shape, and charge. 
These criteria can be met with reporters having ?uo 

rescent parts with the structure 
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where n is 2 or 3 and R1 and R2 are chosen from the 
group H, lower alkyl, lower alkoxy, halo, and cyano. 
Such reporters may be introduced via protected, acti: 
vated intermediates of the structure 

R1 R1 20 

R V0 OVR' 
ll ll 
0 0 

R2 R2 
25 (CHM 0R" 

O X 

where n is 2 or 3, R1 and R2 are H, lower alkyl, lower 
alkoxy, halo, and alkoxy, R" is alkyl, R’ is alkyl or aryl, 
and X is a good leaving group. 
The system and method of this invention have the 

ability to distinguish in real time between the relatively 
small wavelength differences in emission spectra, while 

system delivers a high portion of the usable light onto 
the photometric detectors. Finally, the detection system 
provides continuous monitoring of the gel containing 
the ?uorescent species. This feature reduces the possi 
bility of deriving incomplete data that are typically 
inherent in intermittent type detection systems. All of 
the above-mentioned features are incorporated into this 
unique system at a relatively low mill cost. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention may be more fully understood from 
the following detailed description thereof taken in con 
nection with accompanying drawings which form a 
part of this application and in which: 
FIG. 1 is a partial block, partial diagrammatic layout 

of a system constructed in accordance with this inven 
tion for detecting the presence of radiant energy from 
different sources that each emit energy at different but 
closely spaced wavelengths; 
FIG. 2 is a diagrammatic representation of a single 

electrophoresis gel capable of being used in the system 
of FIG. 1; 
FIG. 3 shows the relationship of the dye emission 

radiation and the transmission/ re?ection characteristics 
of the dichroic filter used in the system of FIG. 1; 
FIGS. 4A, 4B, and 4C are ?ow diagrams of the data 

processing steps used to evaluate the detected emission 
peaks; 
FIG. 5 shows typical detector signals obtained as a 

function of time for the labeled bases T, G, ‘A and C; 
FIG. 6 is a block diagram of a ?uorescence-labeled 

chain terminator; and 
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FIG. 7 shows the relationship of the dye emission 

radiation and the passbands of two filters used to re 
place the dichroic ?lter. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The radiation from very closely spaced emission 
bands may be detected using the system of this inven 
tion. These closely spaced emissions are produced from 
preselected reporter species which are irreversibly 
bound to the materials that are to be analyzed in the 
system. Acceptable reporters are generally one or more 
species chosen for their ability to emit radiation over a 
narrow range of wavelengths, typically between a 50 
and 100 nm range, preferably over a 20 to 50 nm range. 
Preferably, the peak maxima should be spaced no closer 
than 2 nm. One reporter species may be capable of 
emitting energy at more than one wavelength range, 
depending upon the manner of attachment to the mate 
rials of interest and the conditions of analysis in the 
system. However, individual reporters with unique 
emission characteristics in the system are more conven 
tionally chosen to emit radiation in the wavelength 
range to be detected. Preferred reporter species are 
described below. , 

Although the system of this invention has broad ap 
plicability, it will be described in a particular applica 
tion of DNA sequencing. 

In this preferred form of the invention, reporter 
labeled DNA sequencing fragments are produced in a 
single vessel. The contents of this vessel, reporter 
labeled DNA chains of varying lengths, are passed 
through an electrophoresis apparatus for separation. 
For this purpose, as is illustrated in FIG. 2, the electro 
phoresis may be carried out by a suitable electrophore 
sis slab 10 arrangement having a thickness of about 0.2 
mm to 0.4 mm and about 25 to 40 centimeters long. 
Other sizes may be used as appropriate. This slab 10 has 
a suitable gel 11, typically 6% to 8% polyacrylamide; 
sandwiched between glass or plastic supports 12. The 
slabs (gels) are prepared in a conventional manner. 
The slabe 10 is typically placed in an upright position 

in a holder with the upper end of the slab 10 extending 
through and into an upper container 16 holding a buffer 
solution 24 and downwardly into a second container 14 
also holding a buffer solution 18. The buffer solution is 
any suitable buffer; typically a 0.1M tris-borate-EDTA, 
pH 8.3 may be used. In this manner, the buffer contacts 
the gel at either end of the slab in order to make electri 
cal contact therewith. With this arrangement, a sample 
of the reporter-labeled DNA fragments can be pipetted 
into a cavity (not shown) that is created at the top of the 
gel. An electrical circuit is then completed through the 
terminals 20 in reservoir containers 14 and 16. A suit 
able potential is needed to obtain separations for gels of 
this particular length and thickness. The positive elec 
trode is located at the lower end of the slab to cause the 
DNA fragments to migrate downwardly. Under these 
conditions, as the fragments migrate through the gel 
they are separated spatially into bands. The detection 
zone is located near the bottom of the slab. In this zone, 
the fragments are irradiated by a laser beam 31 and 
excitation/emission occurs as the fragments move 
through the zone. 
An optical arrangement for irradiating the electro 

phoresis slab 10 is shown in FIG. 1. The system of FIG. 
1 may be used with any ?uorescent or other type re 
porter system to distinguish between and measure the 
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intensity of closely spaced emission radiation bands. 
However, it will be described, as noted above, in the 
preferred application of detecting the emissions from 
reporter-labeled DNA fragments, where the reporter 
species are ?uorescent compounds. It includes the laser 
30 which is selected to provide a speci?c wavelength 
determined as a function of the excitation wavelengths 
of the preferred excitable reporter species used. For 
example, the speci?c source used for the ?uorescent 
reporters disclosed herein is an argon ion laser with a 
wavelength of 488 nm and a 0.8 mm diameter light 
beam operated at about 25 to 40 mW. The laser beam 
passes through an excitation ?lter 32 and focusing lens 
33 which concentrates the beam to a diameter of about 
0.2 mm at the detection zone of the electrophoresis slab 
10. 
The ?lter 32 is selected to block out the undesired 

excitation wavelengths that could otherwise interfere 
with the detection process. If the laser light is very 
pure, this ?lter may be omitted. The light beam entering 
the slab excites the reportenlabeled material, here 
?uorescently labeled DNA fragments, as they migrate 
through the detection zone, causing them to ?uoresce at 
wavelengths shifted from the excitation wavelength. 
Although the peak emission wavelengths characteristic 
of the particular dyes disclosed hereinafter, when free in 
solution, are 505, 512, 519 and 526 nm, it is to be noted 
that the detection system is adaptable to discriminate 
wavelengths associated with other sets of reporters 
with closely spaced emission bands. Furthermore, while 
a laser source is preferred since it allows a minimum of 
extraneous light to impinge upon the sample, with suit 
able ?ltering and optics, other sources including a non 
coherent source such as a xenon arc lamp could be used. 
The light emitted by the fluorescent species is col 

lected by suitably positioned collimating lens 34 which 
produces a collimated beam of light for transmission to 
dichroic ?lter 38 via an emission ?lter 36 to eliminate 
essentially all light except for the speci?c wavelengths 
characteristic of the ?uorescence. Using this ?lter, sub 
stantially all of the light below 500 nm and above 560 
nm is ?ltered out with the light between these limits 
being transmitted with greater than 50% ef?ciency. 

In accordance with this invention, the dichroic inter 
ference ?lter 38 enables this system to distinguish be 
tween closely spaced emission spectra. It is oriented 
typically to about 45° with respect to the incident beam. 
Light impinging on this ?lter will either be re?ected or 
transmitted through the ?lter. For the emission maxima 
of the ?uorescent reporters, when coupled to DNA 
fragments, disclosed hereinafter, namely, 515, 524, 530 
and 536 nm, ?lter 38 has been chosen to have the re?ec 
?ve/transmissive characteristics shown in FIG. 3. The 
dichroic ?lter 38 is seen to have a sharp transmission/re 
?ection transition 39 which lies approximately in the 
center of the ?uorescence bands which are characteris 
tic of these four reporters. As the ?uorescence spectrum 
shifts from the lower to higher wavelengths, the ratio of 
transmitted to re?ected light decreases in a continuous 
manner. Although this particular ?lter has been chosen 
to accommodate the reporters selected for this applica 
tion, a different set of reporters would require different 
?lter characteristics. 

Light (re?ected or transmitted) from the dichroic 
?lter 38 passes through respective focusing lenses 40 to 
respective detectors 42. The detectors 42, preferably 
are photomultiplier tubes. They are known to have a 
high degree of sensitivity within the spectral bands of 
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interest. Alternatively, silicon photodiodes or other 
similar detectors may be used. In the instance where the 
detectors 42 are positioned within a close, predeter 
mined distance from a collecting aperture, the collimat 
ing lens 34 can be omitted. When this lens is omitted, the 
collecting aperture may be de?ned by having an open 
ing that corresponds to the desired sensing area of the 
detector 42, or an aperture can be de?ned by an alter 
nate means, such as a ?ber optic face plate. In similar 
fashion, the focusing lenses 40 can be omitted if the 
detector sensing area is large enough to suf?ciently and 
directly collect the available light. 

It should be apparent that the function of the dichroic 
?lter 38 could also be and preferably is served by two 
separate ?lters and appropriate apertures placed in the 
light path from the emitted light source to the detectors 
42, in which each ?lter has in a transmission sense, two 
different transmission characteristics, i.e., either the 
re?ective or transmissive transition characteristic of the 
dichroic ?lter. In this manner, the two detectors 42 are 
still dedicated to the transmissive and re?ective charac 
teristics provided by the dichroic ?lter in the previous 
description. The passbands of these two ?lters is seen 
more clearly in FIG. 7 and are labeled Filter 1 and 
Filter 2. The passbands of these two ?lters are seen to 
overlap at about the center of the ?uorescence bands 
which are characteristic of the four reporter labeled 
terminators used herein at 515, 524, 530, and 536 nm. 
A system of this type using two ?lters is described in 

the copending Robertson et al. application, the contents 
of which are incorporated herein by reference. As de 
scribed in Robertson et al., a pair of modules are posi 
tioned above and below a plane in which the reporter 
exciting light beam scans multiple lanes on an electro 
phoresis gel. Each channel contains reporter-labeled 
DNA fragments. Each detection module comprises a 
photomultiplier tube having a wide entrance area and a 
separate wavelength selective ?lter positioned between 
its PMT and the ?uorescent species in the gel. These 
?lters are interference ?lters having complementary 
transmission band characteristic which simulate the 
dichroic ?lter action. The ?lters permit the PMT’s to 
generate signals that vary in amplitude in different 
senses as a function of the nature of the species. One 
?lter largely passes the lower emission wavelengths and 
rejects the high emission wavelengths while the other 
?lter does precisely the reverse. Transmission ?lters 
may be used with each interference ?lter to reject light 
from off axis angles greater than a predetermined angle. 
The wavelength ?lters have roughly complementary 
transmission vs. wavelength characteristics in the emis 
sion region of the four dyes, with the transition wave! 
lengths occurring near the center of the species radiant 
energy spectra. 
The electrical signals from the detectors 42 are then 

passed via respective preampli?ers 46 to analog-to-digi 
tal (A/D) converters 48 and thence to a system control 
ler 52. The tasks of the system controller 52 may be 
performed by a small computer such as an IBM PC. A 
function of the system controller 52, which is described 
by the ?ow diagram of FIG. 4, is to compute the ratio 
of the two signal functions. The dichroic ?lter 38 modu 
lates the intensity of the signals in each of the different 
wavelength bands according to wavelength, i.e., for the 
re?ected light detector, the shorter wavelength emis 
sions will have a lower amplitude signal value and the 
longer wavelength emissions will have a higher ampli 
tude. Thus, as a particular reporter species, i.e., a 
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fluorescently-labeled DNA fragment in the preferred 
embodiment of the invention, passes through the detec 
tion zone following separation in space in the gel 10, its 
emissions will be varying in amplitude as a function of 
its wavelength and also time (because of the movement 
through the gel 10). The amplitude modulated light 
signals are converted to electrical signals and digitized 
for such processing as described. After conversion, the 
digital signals are ratioed, i.e., to obtain the quotient of 
the re?ected to transmitted ?uorescent light. These 
digital signals are those representing a peak in the light 
signal corresponding to a set of DNA fragments. Sig 
nals corresponding to either the peak height or peak 
area are the ones ratioed. The magnitude of the ratio 
signal is indicative of the identity of the species. The 
function W is de?ned as the ratio of peak intensity in 
one detector to peak intensity in the other detector, for 
example, the peak intensity in the transmitted light de 
tector divided by the peak intensity in the re?ected light 
detector. The magnitude of the ratio signals for each 
reporter tends to fall into grouping or clusters which 
are uniquely indicative of each reporter as may be seen 
in the illustrative Example 10 below. 

This amplitude modulation and ratioing procedure, 
whether accomplished with a dichroic ?lter or with 
separate ?lters to generate two signals that each vary in 
different senses in response to the same spectra of the 
same species under test, may be described mathemati 
cally. Thus, the total electrical signal (corresponding to 
the detected light signal) present during a reporter peak 
emission consists of components due to scattering and 
stray light as well as the signal due to the ?uorescence 
itself from each of the different reporters. During elec 
trophoresis, the reporter ?uorescence signal may be 
distinguished from other background components be 
cause the ?uorescence signals vary in time or space in a 
predictable manner. This is in contrast with the back 
ground noise signal which contributes a relatively con 
stant signal, particularly when there is no relative mo 
tion between the detector and gel. In a stationary gel 
and detector con?guration, the ?uorescence signals 
vary in time due to the movement of the reporter 
through the gel. Alternatively, the gel may remain sta 
tionary following electrophoresis, and the detection 
system moved relative to the gel or vice versa. In still 
another alternative, the detection system may be moved 
while migration in the gel is still taking place. 
There may be seen in FIG. 5 a representation of how 

the two detector output signals vary as a function of 
time. Each pair of peaks in the ?gure corresponds to a 
different set of DNA fragments which correspond to 
the sequence of bases occurring in the piece of DNA 
under test. The ratios of each pair of peaks falls into four 
groupings each corresponding to a particular DNA 
base. It is these ratio groupings which identify the par 
ticular base, T, C, A, or G. 

In order to improve selectivity between the reporters 
(determined by values of W), the change in W over all 
the combinations of the different ?uorescent reporter 
emissions must be optimized. This can be accomplished 
by choosing a dichroic ?lter, or its equivalent as noted 
above, with transmission/re?ection characteristics 
which change substantially over the different reporter 
emission spectra. However, for a closely spaced group 
of reporters, it is preferable to have a relatively sharp 
?lter transition that occurs near the center of the re 
porter emissions in order to evenly distribute the 
change in W for the different emission spectra (FIG. 3). 
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In essence, this system provides uncommon measure 

ment sensitivity and selectivity performance. With this 
unique system, light is efficiently directed to the two 
closely coupled detectors; and high levels of sensitivity 
and selectivity are feasible in an inexpensive, compact, 
and easy to use system. 

FLOW CHART 

The system controller 52 converts the digital signals 
received from the A/D converters 48 into DNA se 
quence information. In most cases, this will be done by 
a computer executing programs in real time. This means 
that data is processed and sequence information is deter 
mined concurrently with the acquisition of raw data 
from the detectors. 

Conceptually, the operation of the system controller 
may be broken down into three interacting processes: 
data acquisition or input, data analysis, and output. The 
processes interact by sharing data and by sharing timing 
information which keeps them “in step” and prevents 
them from interfering with one another. The details of 
how these interactions are accomplished depend on the 
language and hardware chosen and is of no fundamental 
concern here. ' 

The data acquisition and processing so performed can 
be understood by referring to the ?ow charts in FIG. 4. 
This ?gure represents a general method by which the 
raw data from the DNA sequencer detectors may be 
converted into output, i.e., the DNA sequence of the 
sample. FIG. 5 shows hypothetical curves of raw detec 
tor output vs. time and illustrates some of the variables 
used in what follows. In this discussion we de?ne the 
following terms: 

1. i is the index of the current data point being ac 
quired. This point is acquired at time t(i) min. 

2. k is the index of the current data point being pro 
cessed. This point corresponds to data taken at t(k)min. 
In a general data processing scheme, k need not equal i, 
i.e. data processing may lag behind data acquisition. 

3. t(i) is an array of time points at which data was 
acquired. Example: t(5)= 6.2 min would indicate the 5th 
data point was acquired at 6.2 minutes after the start of 
the run. 

4. R(i) is the array of data form the re?ection detec 
tor. 

5. T(i) is the array of data from the transmission de 
tector. 

6. J is a count of peaks detected. 
7. N is the number of data points across a given peak. 
8. m is an index of points across a de?ned peak in 

either R(i) or T(i). m=l at the start of a peak; m=N at 
the end of a peak. 

9. W is the function de?ned in the previous section. 

Data Acquisition 
A general data acquisition process is shown by the 

?ow chart on the left of FIG. 4. The index i, which 
points to the current acquired data, is initialized. The 
program accepts an input which determines how long 
the run will take, i.e. the total number of data points 
1mm]. After the raw data arrays R and T are initialized, 
the process enters an acquisition loop as shown in FIG. 
4. Data are read from the detectors, digitized, and 
placed in the arrays as R(i) and T(i) for the re?ected and 
transmitted signals, respectively, acquired at time t(i). 
(For the purposes of this discussion, the two readings 
are simultaneous.) At this point, the index i is incre 
mented and compared to Law]. If i is less than Law], the 
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acquisition loop is repeated. If i equals Iwm1, the run is 
stopped. In a more elaborate scheme, the program 
could sense when to end the run automatically by mea 
suring several performance parameters (such as signal/ 
noise ratio, peak resolution, or uncertainty in assigning 
bases) at each peak of the run. If a combination of such 
factors failed to meet present criteria, the run would be 
terminated by the computer. The primary data input is 
the raw data from the detectors and the output is stored 
in the data arrays R(i) and T(i) which are shared be 
tween the acquisition and the data analysis processes. 
This scheme is depicted schematically in FIG. 4. Al 
though the two programs run independently and simul 
taneously, some control information must be passed 
between them in order to maintain proper timing. For 
example, the processing program cannot be allowed to 
overtake the acquisition step because it would then be 
attempting to process nonexistent data. 

Data Processing 
The data processing algorithm depicted on the right 

side of FIG. 4 is an example of a general scheme to 
detect and identify reporter-labeled species. It is not 
meant to be all-inclusive. Rather, it illustrates the pri 
mary features that are necessary in developing any real 
analyzer program. 

After initializing the processing index k (as distinct 
from the acquisition index i), the program enters a sim 
ple loop which reads data R(k) and T(k) from the raw 
data arrays provided by the acquisition process. The 
program then asks whether the current point is on a 
peak. A number of algorithms exist which can deter 
mine this condition; details are not needed here. The 
term “peak” is meant in a general sense. A peak in R 
will generally be accompanied by a peak in T. How 
ever, depending on the identity of the reporter, the 
peaks in these two channels may differ considerably in 
intensity. They will, however, coincide in time. There 
fore, a weighted average of the two signals, the stronger 
of the two signals, or some other combination of R(k) 
and T(k) could be used to de?ne a “peak’” in time. 

If the current processed point is not on a peak, the 
index k is incremented and compared with the acquisi 
tion index i. If k equals Law], the run is over and the 
program stops. If k is less than i, the next data points are 
fetched from the arrays R and T and the loop executes 
again. If k is equal to i, it means that processing has 
caught up with data acquisition. In this event, the pro 
cessing program waits a small period of time (typically 
a second) and again tests the values of k and i until 
processing can resume. 

If the current processed point is on a peak, the index 
in is incremented. Index in counts the number of points 
across the current peak. The values R(k) and T(k) are 
placed in temporary arrays called Rpeak(m) and 
Tpeak(m), respectively. The program then tests 
whether the current point is the last point of the peak 
(again, known algorithms exists for determining this). If 
this is not the last point on the peak, program control 
returns to the upper loop which increments k, tests its 
value against i, and reads the next pair of data from the 
arrays R and T. 

If the current point is the last point on the peak, the 
peak counter J is incremented and the program pro 
ceeds to determine the identity of the peak. The result is 
the identity of the next base in the DNA sequence. The 
program calculates the function W for the current peak 
as described above, using the arrays Rpeak(m) and 
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Tpeak(m) as input data. Each nucleotide base will have 
associated with it a pair of peaks which give a charac 
teristic W. Thus, based on the value of W for this peak, 
the program gives as output the DNA base identity A, 
T, C, G. The peak point index in and the arrays Rpeak 
and Tpeak are reset to 0, and the program again enters 
the upper data acquisition loop as shown in FIG. 1. 

Labeling Methods in DNA Sequencing 
The strategy used to attach reporters to DNA se 

quencing fragments in a base-speci?c fashion is a critical 
feature of any DNA sequencing system. There are a 
number of possible approaches each with inherent ad 
vantages and disadvantages. 

Primer Labeling 
The aforementioned primer labeling approach re 

ported by Smith et al. has the advantage that the dye 
can be placed on the distal, 5'-terminus of the primer 
using intermediates generated in an automated oligonu 
cleotide synthesizer. Very little interference with the 
enzymatic 3'-chain extension is expected. However, this 
approach has a number of disadvantages. Four different 
dye-labeled oligonucleotide primers are required and 
the production of sequencing fragments must be carried 
out in four separate reactions, thus complicating any 
attempt to automate the overall process. The need for 
special primers reduces one’s flexibility with regards to 
choice of vector (template). For example, the use of 
labeled primers makes it difficult to take full advantage 
of strategies for the rapid sequencing of large amounts 
of contiguous DNA (e.g., the “walking through the 
gene” technique). There is a more serious disadvantage 
in the area of performance. The primer labeling ap 
proach results in all fragments being labeled-bona ?de 
sequencing fragments as well as many artifactual frag 
ments will carry the label. Thus, many of the artifacts 
encountered in conventional sequencing (shadow 
bands, pile-ups, etc.) will be retained. 

Fragment Post-Labeling 
Another possible approach is a post-labeling scheme. 

In this scheme the dye-labeling would be carried out 
after generating the mixture of sequencing fragments. 
The advantage here is that standard protocols (either 
Maxam-Gilbert or Sanger) could be used up to the point 
of labeling the fragments. The major disadvantage is 
that labeling would have to be exceptionally selective. 
Since the attachment of a reporter can be expected to 
have a measurable incremental effect on the electropho 
retic mobility of a DNA sequencing fragment it is essen 
tial that this effect be constant for all fragments. Multi 
ple labeling would destroy the relationship between 
chain-length and electrophoretic mobility and would be 
disastrous. 

Chain Terminator Labeling 
According to this invention a third approach is pre 

ferred, i.e. chain terminator labeling in a modification of 
the Sanger DNA sequencing method. The classical 
Sanger method uses a primer, DNA template, DNA 
polymerase I (Klenow fragment), three unlabeled deox 
ynucleotides and one radiolabeled deoxynucleotide in 
four reaction vessels that each contain one of four 2’,3' 
dideoxynucleotides, which correspond to the four 
DNA bases (A,C,T,G). Appropriate reaction condi 
tions are created which allow the polymerase to copy 
the template by adding nucleotides to the 3' end of the 
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primer. A multitude of reactions occur simultaneously 
on many primer copies to produce DNA fragments of 
varying length which all contain the radiolabel at ap 
propriate nucleotides in each fragment, and which also 
irreversibly terminate in one of the four dideoynucleo 
tides. This set of fragments is typically separated on a 
polyacrylamide slab electrophoresis gel in four lanes, 
one lane corresponding to each of the four dideoxynu 
'cleotide reaction mixtures. After the fragments have 
been separated, a photosensitive ?lm is placed on the 
gel, exposed under appropriate conditions, and a DNA 
sequence is inferred from reading the pattern of bands 
on the ?lm in order of their appearance in the four lanes 
from the bottom of the gel. 
The modi?cation to the Sanger method according to 

the subject invention, include omitting the radiolabeled 
nucleotide and substituting reporter-labeled chain ter 
minators for the unlabeled 2',3’-dideoxynucleotides. 
Reaction mixtures will now contain fragments which 
are irreversibly labeled on their 3' ends with an appro 
priate reporter that corresponds to each of four DNA 
bases. The reaction mixtures are combined and electro 
phoretically separated. Sequence is inferred by the 
order of appearance of distinguishable reporters associ 
ated with each fragment by the methods of this inven 
tron. 
To delineate the structural scope and rationale of the 

reporter-labeled chain terminators used herein, it is 
_ useful to break the structure down into ?ve components 
illustrated schematically in FIG. 6. A ?uorescence 
labeled chain terminator, for example, contains (i) a 
triphosphate part (ii) a “sugar” part, (iii) a heterocyclic 
base part, (iv) a linker part, and (v) a reporter part, 
where the reporter is a ?uorescent compound. 

It should be apparent from the preceding description 
that the term “chain terminator” is generic to the pro 
cess of DNA sequencing with the Sanger methodology. 
The improved process of this invention utilizes more 
specialized varieties of chain terminators which advan 
tageously also have a reporter attached to them. These 
novel compounds can be differentiated from generic 
chain terminators in that the latter compounds typically 
contain only the triphosphate (i), “sugar” (ii), and heter 
ocyclic base (iii) parts outlined above. The chain termi 
nators of this invention will be termed “reporter-labeled 
chain terminators,” and typically contain all ?ve parts 
described hereinafter. 

Triphosphate Part 
0 0 
ll II II 

“°"i'°"i_°_‘i"' 
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The triphosphate part or a close analog (e.g., alpha 
thiotriphosphate) is an obligate functionality for any 
enzyme substrate, chain terminating or otherwise. This 
functionality provides much of the binding energy for 
the substrate and is the actual site of enzyme-substrate 
reaction. 

Sugar Part 
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-continued 
Sugar Part 

“K17 “K17 “K17 
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The “sugar” part corresponds to the 2'-deox 
yribofuranose structural fragment in the natural enzyme 
substrates. This portion of the molecule contributes to 
enzyme recognition and is essential for maintaining the 
proper spatial relationship between the triphosphate 
part and the heterocyclic-base portion. One require 
ment of a chain-terminator is that when the “sugar” part 
is a ribofuranose, the 3'-position must not have a hy 
droxy group capable of being subsequently used by the 
DNA polymerase. The hydroxy group must be absent, 
replaced by another group, or otherwise rendered unus 
able. Alternatively, a ribofuranose analog could be 
used, such as arabinose, for the “sugar” part. The exist 
ing art shows that a number of modi?ed furanose frag 
ments may serve this function including: 2',3'-dideoxy 
B-D-ribofuranosyl, B-D-arabinofuranosyl, 3’-deoxy-B 
D-arabinofuranosyl, 3’-amino-2’,3’-dideoxy-B-D 
ribofuranosyl, and 2’,3'-dideoxy-3'-?uro-B-D 
ribofuranosyl [F. Sanger et al., Proc. Nat. Acad. Sci. 
USA. 74, 5463-5467 (1977); Z. G. Chidgeavadze et al., 
Nuc. Acids Res., 12, 1671-1686 (1984); and Z. G. 
Chidgeavadze et al., FEBS Letl., 183, 275-278 (1985)]. 

Heterocyclic Base Part 
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The heterocyclic-base part functions as the critical 
recognition element in nucleic acids that acts as a hy 
drogen-bonding acceptor and donor in a particular 
spatial orientation. These base elements are essential for 
incorporation of the appropriate nucleotide directed by 
the template with the high ?delity necessary for accu 
rate sequencing. This structural part also carries the 
reporter. The art shows that the 5-position on the 
pyrimidines and the 7-position on purines may carry 
evena relatively bulky substituent without signi?cantly 
interfering with overall binding or recogniation [R. M. 
K. Dale et al., Proc. Nat. Acad. Sci. USA, 70, 2238-2242 
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(1973)]. Thus, preferred heterocyclic-base parts include: 
uracil, cytosine, 7-deazaadenine, 7-deazaguanine, and 
7-deazahypoxanthine. The unnatural 7~deazapurines are 
employed so that the reporter may be attached without 
adding a net charge to the base portion or destabilizing 
the glycosidic linkage. Therefore, the natural purines do 
not serve as suitable heterocyclic base parts because 
they acquire net charge and quickly degrade after the 
alkylation reactions typically used to prepare reporter 
labeled chain terminators. In addition, other heterocy 
clic bases ‘having similar functional groups may be used. 

Linker Part 

The linker may be simply an amino group alone or a 
chain with a backbone containing such atoms as carbon, 
nitrogen, oxygen, or sulfur. 
The linker is preferably an alkynylamino group in 

which one end of the triple bond is attached to an amine 
through a substituted or unsubstituted diradical moiety, 
R1, of 1-20 atoms; the other end of the triple bond is 
covalently attached to the heterocyclic base at the 5 
position for pyrimidines or the 7-position (purine num 
bering) for the 7-deazapurines. The amine nitrogen of 
the alkynylamino group is attached to a reactive func 
tional group (e.g., carbonyl) on the ?uorescent label. 
The linker must not signi?cantly interfere with binding 
to or incorporation by the DNA polymerase. The 
diradical moiety can be straight-chained alkylene, 
C1-C10, optionally containing within the chain double 
bonds, triple bonds, aryl groups or heteroatoms such as 
N, O or S. The heteroatoms can be part of such func 
tional groups as ethers, thioethers, esters, amines or 
amides. Substituents on the diradical moiety can include 
C1-C1‘, alkyl, aryl, ester, ether, amine, amide or chloro 
groups. Preferably, the diradical moiety is straight 
chained alkylene, C1-C10; most preferably the diradical 
is —CH;—. A more detailed description of the linkers 
most appropriate for use in the reporter-labeled chain 
terminators of this invention can be found in copending 
patent application by Hobbs et al. 

Reporter Part 
The preceding disclosure emphasizes the utility of a 

detection means which is particularly adapted to mea 
surement of closely spaced spectra preferably of a set of 
?uorescent reporters as the emitting species. However, 
other species which emit radiation with closely spaced 
spectra can also be used to label DNA fragments. Sev 
eral criteria can be identi?ed for selection of appropri 
ate reporter species to perform the methods of this 
invention. These criteria include: 
efficient excitation by a monochromatic source and a 

strong, distinguishable emission response; 
presence of a chemically reactive functional group ca 

pable of covalent attachment either directly or indi 
rectly to nucleotide chain'terminators or their ana 
logs; 

relatively small mass to minimize perterbation of steric 
relationships in oligonucleotide fragments: 

charge and size characteristics which resemble those in 
other members of a chosen group or set of reporters 
selected for differentiation of chain terminators; 

stability in a wide range of sample preparation, reaction 
and fragment separation conditions of pH, ionic 
strength, and temperature with respect to physical 
integrity and detection characteristics; 
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properties which have minimal deleterious effect on the 

production of or separation of DNA sequencing frag 
ments. 
Appropriate reporter species may be found in several 

categories of materials which can function with the 
above-mentioned properties. Among them are chromo 
phores, ?uorophores, chemiluminescers, spin labels, 
and electron dense materials. Detection of each of these 
species of materials can also be accomplished by a vari 
ety of means. For example, ?uorescent species emis 
sions can be detected as discussed previously in a man 
ner that differentiates spectral distributions. ln alternate 
?uorescent detection systems, additional species prop 
erties such as polarization and differential time~resolu 
tion can be employed to uniquely identify fragments 
having labeled DNA chain terminators corresponding 
to each base. The detection means selected can be opti 
mized by known methods to maximize the signal-to 
noise ratio and achieve acceptable sensitivity by mini 
mizing background or extraneous signals. The unique 
properties and advantages of this invention are achieved 
by coupling an appropriate detection means with the 
reporter-labeled chain terminator in sequencing DNA. 

In similar fashion, conventional photometry can be 
used to detect chromophores meeting the requirements 
of reporters in the methods of this invention. Four 
unique chromophores can be selected, which may also 
possess ?uorescent properties, to be incorporated on 
chain terminators to introduce reporters detectable by a 
number of means, including absorption and photon 

‘ counting spectrophotometry. A typical example of 
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chromophores which may be useful are 2,4-dinitro 
phenol and its derivatives. Appropriate substitutions 
can result in different emission characteristics under a 
given set of conditions that are similar, which allows 
their detection by the apparatus previously described 
with little modi?cation. 

Luminescent reporters are differentiated from ?uo 
rescent reporters in the period of time required to re 
emit incident radiation. Fluorescent reporters generally 
re-emit absorbed incident energy on the order of 10-8 
to 10--3 seconds. The term "phosphorescent” is also 
often used to refer to compounds which are luminescent 
and the terms are generally used interchangeably. These 
compounds take longer to re-emit incident absorbed 
energy than ?uorescent compounds. Typical lumines 
cent reporters are derivatives of 2,2'-dihydroxybiphe 
nyl-5,5’-diacetic acid, for example 2,2’-dihydroxy-3,3' 
dimethoxybiphenyl-5,5'-diacetic acid, 2,2'-dihydrox 
ybiphenyl-5,5'-dialanine, 2,2'-dihydroxybiphenyl-5,5’ 
diethylamine, etc. 

Additional reporter species can be covalently at 
tached to chain terminators that serve as electron dense 
reagents, such as colloidal gold particles. These materi 
als can be used in an imaging system capable of detect 
ing small changes in transmissive properties of light 
incident on an electrophoresis gel lane. Spin labels may 
also be used with appropriate detectors to uniquely 
label each chain terminator to make base assignments. 
The complexity of detection means in these instances 
may require the simpli?cation of maintaining separate 
samples for each reporter-labeled chain terminator, 
rather than combining them into one sample before 
subjecting the sample(s) to a separation means. 

It should be apparent to one skilled in the art that 
appropriate means to detect a combination of the above 
mentioned reporters can be readily devised to further 
differentiate the four reporter-labeled nucleotide chain 












































